Di-ethylhexyl phthalate (DEHP) -a common type of phthalate plasticizers-has become a major environmental toxic hazard to human health especially the reproductive system. This work aimed to assess the subchronic toxic effects of DEHP on adult albino rats' reproductive organs (ovary and testis) using body & reproductive organs weight parameter, combined with biochemical, histopathological and immunohistochemical methods. Forty adult male & female albino rats were divided as follows: male control groups (10 rats = "5 negative & 5 positive"); female control groups (10 rats= "5 negative & 5 positive"); male DEHP-treated group (10 rats) and female DEHP-treated group (10 rats), both were given DEHP dissolved in corn oil at a dose of 3gm/kg once daily for 4 weeks. The results of present study revealed the followings: a decrease in body weight and reproductive organs' weights (ovary and testis); hormonal disruption effects (decrease estrogen "estradiol" & testosterone serum levels in females & males respectively); histopathological and immunohistochemical changes in ovary and testis in DEHP-treated groups as compared to control groups. In conclusion, oral exposure of adult albino rats to DEHP at a dose of 3 g/kg daily for 4 weeks resulted in toxic hazards to male & female reproductive organs (ovary and testis).
INTRODUCTION
Phthalates are substances commonly used as plasticizers. Every year massive amounts of them are manufactured through the world, and they can exist in many consumer products (Muczynski et al., 2012).
Di-ethylhexyl phthalate (DEHP) constitutes the chief type of phthalates and it is considered as a major environmental toxic hazard (Liu et al., 2017).
It is widely used in plastic bags, building substances, toys, food stuffs, personal care products and medical instruments (Schoeters et al.,
& Zhang et al., 2016).
Di-ethylhexyl phthalate can enter human body and hence causes its toxic hazards via several routes like ingestion; inhalation and also through intact skin (Ji et al., 2014).
Di-ethylhexyl phthalate can induce many endocrine and reproductive disorders in males such as testicular injury, infertility, and diminishing of sperm motility. Its exposure may also result in cryptorchidism and hypospadias (Kabir et al., 2015).
Furthermore, female exposure to DEHP can produce many reproductive toxic complications with the ovary being the most affected organ (Martino-Andrade and Chahoud, 2010). female rats):
• Subgroup B1 (negative control group) 5 female rats: lifted without intervention to measure the basic parameters, with free access to food and water for 4 weeks.
• Subgroup B2 (positive control group) 5 female rats: each rat received 1 ml/ day of corn oil by oral gavage for 4 weeks according to Takai et al. (2009) .
Group (C) DEHP male treated group (10 male rats):
• Di-ethylhexyl phthalate was dissolved in corn oil and given to male rats by oral gavage at a dose of 3gm/kg once daily for 4 weeks according to
Takai et al. (2009).
Group (D) DEHP female treated group (10 female rats):
• Di-ethylhexyl phthalate was dissolved in corn oil and given to female rats by oral gavage at a dose of 3gm/kg once daily for 4 weeks according to
Takai et al. (2009). C-Dosage regimen and vehicle:
The used dose of DEHP was 3g/kg/day dissolved in corn oil represented about 1/10 LD50 in rats (Kavlock et al., 2002).
Each rat was received DEHP orally, via appropriate sized metallic cannula dressed with plastic cover (oral gavage) that not exceeds the tip by 2-3 mm to prevent injury of the esophagus. Each group received its corresponding drug doses daily for 4 weeks then rats were sacrificed after 24 hours from last administrated dose.
This study was accepted by the Research Ethical Board of Faculty of Medicine, Benha University.
II-methods (study parameters): A-Weight of the body and reproductive organs (ovary & testis):
Rats' body weights were measured before treatment, then at the end of each week of the studied four weeks using a sensitive balance. Testes and ovaries were removed and stripped from their fatty tissues and blood vessels, after scarification of rats at the end of the 4 th week of treatment and their relative weights were measured.
B-Biochemical study (hormonal assay):
Animals were anesthetized by ether, then they were laid on appropriate device and blood samples were taken from their hearts by 5 ml syringes. Blood samples were put in clean tubes lacking anticoagulant and left at 37˚C incubator for 15 minutes. After centrifugation of clotted blood, serum samples were put in the special tubes, covered by parafilm, labeled and kept frozen for three days to be tested 
RESULTS
The results of both negative and positive control groups [male & female] did not show any statistically significant differences, so, the data obtained for both groups were expressed in the figures and tables as one group "control".
I-weight of the body and reproductive organs:
This study revealed a nonsignificant (p >0.05) difference between all male rat groups as regard to body weight before treatment, meanwhile, a non-significant (p > 0.05) decrease in the mean values of body weight of male DEHP-treated group in comparison to control groups was observed after the 1 st and the 2 nd weeks of treatment, but a highly significant (p <0.001) decrease in the mean values of body weight of male DEHP-treated group was detected after the 3 rd and the 4 th weeks of treatment, as illustrated in fig. 1 . In the ovarian tissues, there were degenerations in the follicular cells with vacuolations in the stroma in DEHPtreated female rats, as compared to normal structure of ovaries in female control rats, as illustrated in fig. 6 -7. 
IV-IMMUNOHISTOCHEMICAL STUDY:
Testicular sections of DEHP-treated male group showed a strong expression of nuclear PCNA staining seen only in spermatogonia layer and a weak expression in primary spermatocyte and secondary spermatocyte, indicating suppression of germ cell proliferation, as compared to control rats which showed a strong expression of nuclear PCNA staining in all germinal layers (spermatogonia, primary spermatocyte and secondary spermatocyte), as illustrated in fig. 9-10 .
Figure (9): Photomicrograph of a section in rat's testis prepared from a control rat
showing seminiferous tubule with strong expression of nuclear PCNA staining in all germinal layers (spermatogonia, primary spermatocyte and secondary spermatocyte) with regular sizes of seminiferous tubules (red arrow) (IHC x 400).
Figure (10):
Photomicrograph of a section in rat's testis prepared from a DEHPtreated rat showing strong expression of nuclear PCNA staining in only spermatogonia layer (red arrow) and weak expression in primary spermatocyte and secondary spermatocyte (yellow arrow) with irregular sizes of seminiferous tubules (IHC x 400).
The present work showed a weak expression of nuclear PCNA staining in follicular cells and stromal cells in ovarian sections of DEHP-treated female group, as compared to control rats which showed a strong expression of nuclear PCNA staining in follicular cells and weak expression in the stromal cells of ovarian sections, as illustrated in fig. 11-12 
DISCUSSION
Di-ethylhexyl phthalate (DEHP) is considered as a toxic hazard and can produce several endocrine and reproductive disorders in rodents (Liu et al., 2017).
As a result of its prevalent and widespread use, DEHP can be found in water, food products, air, soil, plants and animals (Latini et al., 2006) .
The present study revealed that the body weight mean values of DEHPtreated rats either in male or female groups decreased as compared to control groups, which was nonsignificant after the 1 st and the 2 nd weeks, and became highly significant The current study showed a significant decrease in relative testis and ovary weights in DEHP-treated rat groups as compared to control rat groups.
The results of the present study were in agreement with the study of Helal (2014) who reported a statistically significant testicular weight reduction in male rats treated with DEHP at a dose of 1000mg/ kg body weight.
Meanwhile, Grande et al. (2007) found that exposure to DEHP in female rats did not show any change in ovary weight.
In the present study and as regard to hormonal assay; a significant decrease in serum testosterone levels was detected, and a non-significant decrease in serum follicle-stimulating hormone (FSH) & luteinizing hormone (LH) levels were observed in DEHPtreated male groups as compared to control male groups.
These findings were in a harmony with those of Gao et al. (2014) who showed a significant decrease in testosterone levels in male rats treated with DEHP.
Noriega et al. (2009) detected a highly significant decrease in serum testosterone level with large dose of DEHP. They explained that due to the inhibitory effects of phthalates on pubertal development especially on testis.
Zhang et al. (2014) concluded that DEHP decreased testosterone production through activation of oxidative stress. In this study, DEHP was administrated orally to prepubertal male rats, from postnatal day 22 to day35.
Savchuk et al. (2015)
stated that mono (2-ethylhexyl) phthalate (MEHP) -a main DEHP metabolitedecreases LH/human chorionic gonadotropin stimulated androgen production by isolated rat Leydig cells.
The current study illustrated that there was a highly significant decrease in serum estrogen (estradiol) levels and a non-significant decrease in serum FSH and LH levels in DEHP-treated female rats, compared to control female rats.
Liu et al. (2014)
showed that DEHP exposure via oral gavage at a dose of 1000-3000 mg/kg/day significantly decreased serum estrogen (estradiol) levels in adult female rats. Regarding Immunohistochemical study on testicular sections of DEHPtreated male group, the present study revealed a strong expression of nuclear PCNA staining in only spermatogonia layer and a weak expression in primary & secondary spermatocytes.
These findings were in a harmony with those of Salama et al. (2013) who reported that phthalate exposure in adult male rats for 4 weeks showed a positive (strong) reaction for PCNA in the nuclei of spermatogonia, and a negative (weak) reaction for PCNA in the nuclei of primary spermatocytes and early spermatids. 
CONCLUSION
It can be concluded that oral exposure of adult Wistar albino rats to di-ethylhexyl phthalate (DEHP) at a dose of 3 g/kg body weight /day for 4 weeks resulted in:
• A decrease in body weight and reproductive organs' weights (ovary and testis).
• Hormonal disruption effects, i.e., a decrease in testosterone and estrogen "estradiol" serum levels in male and female adult albino rats respectively.
• Histopathological and immunohistochemical changes in the reproductive organs of both sexes (ovary and testis).
RECOMMENDATIONS
1. Comprehensive awareness of general population to the toxic hazards of DEHP on human health, especially the reproductive system.
2. Minimize the environmental exposure of DEHP to maintain the normal reproductive functions.
3. Finally, the use of other alternative materials to DEHP that have either no or minimal toxic effects should be encouraged. 
ACKNOWLEDGMENT

